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owa Stiff Stalk Synthetic and Iowa Synthetic Corn Borer No. 1 have undergone 17 cycles of reciprocal recurrent selection. Selection was based primarily on a heritability index for increased grain yield, decreased stalk and root lodging, and decreased grain moisture, with primary emphasis on grain yield (Edwards, 2011) . The reciprocal selection program was successful in increasing grain yield, decreasing stalk lodging, and decreasing grain moisture, but not in decreasing root lodging (Edwards, 2011) . Grain yield increased both in the per se populations, and in the population cross. Keeratinijakal and Lamkey (1993) found an increase in grain yield of nearly 7% per cycle in the population cross over the first 11 cycles. Brekke et al. (2011a) found a 2% increase in grain yield per cycle between BSSS and the seventeenth cycle of a reciprocal recurrent selection program with the BSCB1 population used as the tester [BSSS(R)C17]. The reduced improvement in the per se populations in part is due to inbreeding depression from genetic drift because of recombination of a finite number of lines in each cycle of selection without introduction of new germplasm. Gerke et al. (2015) found that levels of heterozygosity in the populations fell drastically with selection, with BSSS and BSCB1 losing ~40% of their heterozygosity between Cycles 4 and
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ABSTRACT
Breeding for higher grain yield in maize (Zea mays L.) using increased selection densities has produced varieties that are adapted to grow at higher population densities. While the effects of density on final grain yield and plant phenotypes are well known, how density affects the early-season growth of the plant has been less studied. The objective of this experiment was to examine the effects of high planting density on the growth of stalk, tassel, and ear shoots in unselected Iowa Stiff Stalk Synthetic (BSSS) and Iowa Synthetic Corn Borer No. 1 (BSCB1) and in populations that have been selected for high grain yield via a reciprocal recurrent selection program. The selected and unselected populations were planted at four densities ranging from 3.23 to 12.92 plant m −2 in six environments near Ames, IA, over 3 yr. Increased planting density affected plant organ growth timing differently in BSSS and BSCB1. High-density delayed stalk biomass accumulation in BSCB1 but not BSSS and delayed ear shoot and tassel biomass accumulation in BSSS but not BSCB1. Differences in biomass accumulation and partitioning between unselected populations were generally not observed between selected populations, suggesting that selection caused a convergence in growth patterns between the populations. Increased density lowered maximum growth rates for all plant organs, but reduction in growth rate as a result of density occurred at higher density in selected populations than unselected populations.
16. The secondary selection goals of reduced stalk lodging and grain moisture were also achieved, with stalk lodging decreasing from 8% in BSSS to 2% in BSSS(R)C17 and grain moisture decreasing from 25% in BSSS to 21% in BSSS(R)C17 (Edwards, 2011) . Decreased root lodging was not achieved through selection, with a ~4% root lodging rate in all BSSS cycles (Edwards, 2011) .
In addition to direct responses to selection, there were many indirect responses to selection in the BSSS-BSCB1 recurrent selection program, in particular with respect to plant architecture and flowering times. As selection progressed, flag leaves became more upright and smaller, the number of primary tassel branches drastically decreased, plant and ear height decreased, leaf number decreased, and the node of primary ear attachment decreased in BSSS(R) C17 relative to BSSS (Edwards, 2011) . Edwards also found that BSSS(R)C17 had fewer days to 50% silking and pollen shed, and the anthesis-silking interval (ASI), the time between pollen shed and silk emergence, decreased from 2 to 0 d. Fakorede and Mock (1980) found that in the second half of the growing season, the BSSS(R)C7-BSCB1(R)C7 population cross had significantly more leaf area per plant and a larger leaf area index throughout the entire growing season than the BSSS-BSCB1 population cross. These changes with selection agree with results in commercial hybrid germplasm reviewed by Duvick (2005b) , who noted that breeding for higher yields has either directly or indirectly lead to a variety of changes to plants including reduced plant height, more upright leaves, smaller tassels, fewer tillers, earlier silking, a smaller ASI, and a small increase in harvest index. Both Fakorede and Mock (1980) and Eichenberger et al. (2015) noted longer growth periods after selection. Fakorede and Mock (1980) found that while ear and grain biomass accumulation tended to level off around 111 d after planting in the BSSS-BSCB1 cross, biomass accumulation was still rapidly occurring at 125 d after planting in the BSSS(R)C7-BSCB1(R)C7 cross. Eichenberger et al. (2015) found that the biomass accumulation periods in kernels were larger in BSSS(R)C17 than in BSSS.
In the 1930s, the commercial planting density of corn was 30,000 plant ha −1 , and that number has risen to 80,000 plant ha −1 in the modern era (Duvick 2005a) . Selection densities in the BSSS-BSCB1 reciprocal recurrent selection program have closely matched those of commercial agriculture, increasing from 30,000 plant ha −1 in cycle 0 to 75,000 plant ha −1 in cycle 17 (Brekke et al., 2011a; Mansfield and Mumm, 2014) . As per-plant yields have barely increased with time, this increase in planting density was crucial in raising corn yields from 1.5 Mg ha −1 in 1930 to well over 10 Mg ha −1 today (Duvick and Cassman, 1999; Duvick, 2005b; Cooper et al., 2014) . Brekke et al. (2011a) found that when plants were grown at 75,000 plant ha −1 , yield gains were 2% per cycle in BSSS, but when grown at 35,000 plant ha −1
, there was actually a 1% loss in yield per cycle. However, when plants were subjected to higher densities, growth was often affected negatively. Brekke et al. (2011b) found that as planting densities increased from 35,000 to 75,000 plant m −2 in BSSS, tassel sizes decreased, leaf number decreased, and ASI was increased by 2.5 d. Brekke et al. (2011b) also found that final plant heights in BSSS(R)C17 were affected by density, with plants becoming taller as density increased. Eichenberger et al. (2015) found that final kernel weights were lower at 77,000 plant ha −1 than at 53,000 plant ha −1 in BSSS(R)C17. Fakorede and Mock (1980) , studying BSSS-BSCB1 and BSSS(R) C7-BSCB1(R)C7 population crosses, along with two hybrids involving B14A, a line developed from BSSS, found that as densities increased from 59,300 to 98,800 plant ha −1 , biomass growth rates and C assimilation rates decreased during the second half of the growing season, while leaf area and leaf area index were decreased throughout the whole growing season. Fakorede and Mock (1980) also found that as density increased, the masses of plant organs drastically decreased, with high density ears being ~100 g lighter and stalks and leaves being 10 g lighter each, with a total plant biomass decrease of ~120 g. Outside of the BSSS and BSCB1 populations, there is a plethora of evidence that high density negatively affects plant traits. After doubling population densities from 40,000 to 80,000 plant ha −1 , Rutger and Crowder (1967) found that ears were 3 cm shorter. Edmeades and Daynard (1979a) found that grain yield per plant decreased by almost 100 g when planting densities increased from 50,000 to 100,000 plant ha −1
. Hashemi-Dezfouli and Herbert (1992) found that quadrupling planting density from 30,000 to 120,000 plant ha −1 produced ears that had 20 fewer kernels per kernel row. Tetio-Kagho and Gardner (1988) found that increasing densities from 19,000 to 63,000 plant ha −1 decreased final stalk mass by 20%. Echarte et al. (2000) also found that as planting densities increased from 50,000 to 120,000 plant ha −1 , plant biomass accumulation fell by approximately 30 to 50%. Rossini et al. (2011) observed that as densities increased from 90,000 to 120,000 plant ha −1
, the biomass accumulation rates for ear shoots fell by almost 30% in the 30 d surrounding flowering.
Corn varieties that have been selected for yield also show a marked ability to better perform under high plant densities. Brekke et al. (2011b) found that while stalk lodging rates and ASI increased in BSSS with increasing densities, there was no increase in BSSS(R)C17. Brekke et al. (2011b) also noted that while tassel branch number decreased with density in BSSS, there was no decrease in BSSS(R)C17. Prior and Russell (1975) showed that per-area yields vs. planting density followed a negative parabolic shape, meaning that if density is continually increased, yields will hit a maximum, and then will begin to decrease, and that the density required to reach maximum yields varied among genotypes. Increased tolerance design, with planting density as the whole-plot factor and population as the split-plot factor. The experiment was grown at two locations near Ames, IA, in the summers of 2012, 2013, and 2014 with a total of six different locations used in this study. Soils in the fields consisted largely of Clarion loam (fine-loamy, mixed, superactive, mesic Typic Hapludolls), Canisteo clay loam (fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls), and Webster clay loam (fine-loamy, mixed, superactive, mesic Typic Endoaquolls). All population by density combinations were replicated nine times at each location in 2012 and six times in 2013 and 2014. Subplots consisted of either three (2012) or four (2013 and 2014) rows 5.49 m long spaced 0.76 m apart. Temperatures in 2012 were above average, with a severe drought occurring throughout the growing season. Temperatures were mild during the 2013 and 2014 seasons, and rainfall was heavy early in the season for both years, although the 2013 season was fairly dry July through September. Plots were grown without irrigation using standard corn production practices for central Iowa. Because of a destructive hail storm in 2013, measurements could only be taken at one of the two locations. In the 2014 season, the 9.69 plant m −2 density was not grown.
Data Collection
All data was collected on plants in the center rows of each plot, and plants at the ends of plots were not tested because of decreased competition. The fifth and 11th leaves were painted to determine leaf number. Leaves were painted when they were sufficiently elongated and prior to senescence of the first leaf when painting Leaf 5 and prior to senescence of Leaf 5 when painting Leaf 11. Plant height and leaf number measurements began when the plants had seven to eight leaf collars visible. Plant heights were measured to the nearest centimeter from the ground to the highest leaf collar. The leaf number value was the number of the highest leaf with a visible leaf collar. Height and leaf measurements were taken weekly on the same plants throughout the growing season ending at anthesis. Beginning when eight or nine leaf collars were visible, whole plants were harvested from one or two randomly chosen replicates per field twice per week and continued several weeks after flowering when kernels were at the milk or dough stage (Abendroth et al. 2011) . A plant from each density by population combination was harvested during each session. Plants were cut at ground level including aboveground portions of brace roots. The plant was divided into three parts. The ear portion consisted of the primary ear, shank, and husks. The tassel portion consisted of all biomass above the final leaf node. The stalk portion consisted of all remaining plant matter including nonsilked lower ear shoots but excluding tillers. Inflorescences were removed from the husks of the primary ear shoot under a dissecting microscope. The length of ears from the tip of the ear to the attachment point with the shank was measured using digital calipers. The three biomass components were dried for 7 d at 60°C (140°F) and were weighed using an electronic balance. Final ear lengths and masses were measured on mature ears at the end of the growing season. Mature ears were only harvested from plants with neighboring plants to maintain density stress throughout the whole growing season. Ear shoot length, leaf number, and plant heights were recorded during the 2012 and 2013 growing seasons, while biomass was recorded during the 2013 and 2014 growing seasons.
to high density allows modern maize varieties to reach maximum yields at much higher densities than older varieties (Sangoi et al., 2002) . Brekke et al. (2011a) found that while BSSS reaches its maximum yield at roughly 50,000 plant ha −1 , the maximum yield for BSSS(R)C17 is >75,000 plant ha −1
. Outside of the BSSS and BSCB1 populations, it has been found that newer varieties of maize better maintain ear phenotypes at high densities. When subjected to high densities, modern varieties maintained higher kernel counts and larger ear masses than older varieties (Echarte et al., 2000; Sangoi et al., 2002) . Ear development is also greatly improved in modern maize varieties with decreases in the level of barrenness, earlier silking, and a smaller ASI at high densities (Tollenaar et al., 1992; Sangoi et al., 2002) .
The populations used in this study, BSSS and BSCB1, have produced several elite inbreds including B14, B37, B73, B84, and B97 (Darrah and Zuber, 1986; Hagdorn et al., 2003) . The elite inbreds produced from BSSS and BSCB1 have helped form the foundations of the Stiff Stalk and Non-Stiff Stalk heterotic groups and have become widespread throughout US commercial maize production, with nearly one in five hybrids produced in 1980 having BSSS at some point in its ancestry (Lamkey et al., 1991) . In the 1990s, the germplasm of individual companies contained as many as one in three hybrids that could trace some ancestry back to BSSS (Smith et al., 2004) .
The objective of this experiment was to determine if reciprocal recurrent selection for grain yield changed how plant density affects rate and timing of biomass accumulation and partitioning in the stalk, ear, and tassel in populations per se.
MATERIALS AND METHODS
Populations
Four synthetic populations representing two distinct levels of selection from the BSSS-BSCB1 reciprocal recurrent selection program were used in this experiment. Iowa Stiff Stalk Synthetic is a synthetic population developed in 1934 from the intermating of 16 inbred lines selected for high stalk quality (Sprague, 1946) . Iowa Synthetic Corn Borer No. 1 is a synthetic population developed in the 1940s from the intermating of 12 inbred lines selected for resistance to the European corn borer (Penny and Eberhart, 1971) . BSSS(R)C17 and BSCB1(R)C17 are the 17th cycles of a reciprocal recurrent selection program with the opposing population used as the tester. The populations were developed following 10 cycles of half-sib selection and seven cycles of full-sib selection. Selections was based on a heritability index of increased yield, lower rates of stalk and root lodging, and reduced grain moisture levels (Edwards 2011) .
Experimental Design
Each of the four populations was grown at four planting densities: 3.23, 6.46, 9.69 and 12.92 plant m −2 . A precision air planter (Seed Research Equipment Solutions LLC) was used to ensure proper densities and seed placements. The experiment was a split-plot
Data Analysis
Ear shoot length, plant height, and biomass were modeled with a three-parameter logistic curve (Pinheiro and Bates, 2000) :
Observed data is represented as y (ijkl)mt for plant m at environment i in replicate j in population k at density l at time point t.
The logistic parameters were f 1ijkl for the asymptote, f 2ijkl for the inflection point, and f 3ijkl for the scale. The residual error is represented as e (ijkl)mt , and G t(ijkl) is thermal time in growing degree days centigrade after planting. In a logistic curve, the asymptote refers to the final phenotype of the trait, with a larger asymptote implying a larger final phenotype. The inflection point is the value in thermal units for a trait to reach 50% final phenotype, with larger inflection points indicating a later developmental midpoint and possibly a delay in development. The scale parameter is the time in thermal units necessary for the trait to move between 50 and ~73% final phenotype, with larger scale values indicating a longer developmental period. Ear length, plant height, and the biomass logistic model parameters were modeled with a mixed linear model to account for design and treatment effects:
where parameter f (ijkl)pm was parameter p in the logistic model;  p was the mean; l pi was the effect of environment i (i = 1..5); r (i) pj was the effect of replicate block j ( j = 1..9 in 2012, j = 1..6 in 2013 and 2014) nested within environment i; t pl was the effect of density l (l = 1..4 in 2012 and 2013, l = 1..3 in 2014); b pk was the effect of population k (k = 1..4); tb pkl was the interaction between density l and population k; tbl pikl was the interaction of density l, population k, and environment i; tbr (i)pjkl was the interaction of density l, population k, and replicate block j, which was the whole-plot error term in the split-plot design (Error A); and d pm(ijkl) was residual error. Environment, density, population, and density  population interactions were treated as fixed effects, while replicates and all replicate and environmental interactions were treated as random effects. The logistic models were fit using the R (R Development Core Team, 2014) package nlme (Pinheiro et al., 2014) . All random effects were added to the model, and effects with the smallest variance were removed one at a time. The final model was chosen as the model with smallest Bayesian Information Criterion. Values of the logistic parameters were estimated with maximum likelihood. Pairwise t-tests were performed to compare parameter values across densities and populations. The t-tests were performed in R, with variances estimated via restricted maximum likelihood.
Leaf number was fitted with a linear model: represented by g k for the linear and n k for the quadratic, while population-specific effects of density were represented by t k for the linear and y k for the quadratic. Population-specific effects of time by environment were represented by  k , h k , j k , and k k . Environment-specific and population-specific interactions with time and density were considered fixed. Random effects were r (i)j representing replicate, rb (i)jk as replicate  population interactions, w (ijk)l q (i)j as replicate-specific effects of density, w (ijk)l x ik as the population  environment-specific effects of density and w (ijk)l z (i)jk as the population  replicate-specific effects of density.
The maximum rate of increase in a logistic curve occurs at the inflection point, the midpoint of the curve on the x-axis. The maximum rate of growth was estimated by taking the first derivative of the logistic curve at the inflection point, which is 0.25 the asymptote value divided by the scale value. A lower scale value will lead to a higher maximum growth rate, since a faster growth rate is needed to reach the same phenotype with a shorter developmental period. A smaller maximum growth rate will also produce a lower final phenotype, as the plant will not be able to grow to the full potential in the same developmental period. The maximum growth rate values were fit to a linear additive model comprised of the significant variables from the logistic curve:
where Y (ikl) represents ear shoot length increase,  is the mean, l i is the effect of environment i, t l is the effect of density j, b k is the effect of population k, (tb) kl is the effect of the population by density interaction, (tbl) ikl is the effect of the population  density  environment interaction, e (ikl) and represents error. Environment, population, density, and the population being 40 to 55% ( Fig. 2; Table 2 ). Plant heights decreased with density in only the BSCB1 population, with a reduction of ~8% between low and high density plants (Table  2) . Reductions were verified statistically by pairwise t-tests on logistic parameters between high and low density and all comparisons were significant at P < 0.05. The pairwise approach was used to provide a robust and straightforward statistical test for population-specific density effects on individual logistic parameters.
The three biomass traits (ear, plant, and tassel) were summed to obtain total aboveground biomass, which was greatly reduced by increasing plant density (Fig. 3) . Similar to our results, Edmeades and Daynard (1979a,b) observed that grain and stalk mass decreased when densities increased. Edmeades and Daynard (1979a,b) attributed much of this decrease to shading caused by competing neighbors. Deng et al. (2012) formalized the effect of light competition on total biomass per unit area and showed that biomass per unit area increases linearly with plant density up to a point of maximum biomass per unit area. The model predicted a constant slope of logarithm of biomass per unit area vs. logarithm of plant density for any crop species, a prediction supported empirically by data  density interaction were treated as fixed, while the population  density  environment was treated as a random effect. The model for ear biomass maximum growth rates was Y (kl) = +l i +t l +b k +(tb) kl + (tbl) ikl + e (kl) with all variables the same as above. The models for stalk and tassel biomass growth rates were Y (kl) =  + l i + t l + b k + (tb) kl + e (kl) , as neither model had a significant population  density  environment interaction. The models were analyzed in SAS version 9.4 (SAS Institute, 2013) using the PROC MIXED procedure with variances estimated via restricted maximum likelihood.
RESULTS AND DISCUSSION
Increasing density reduced maximum growth rates for ear length, ear biomass, stalk biomass, and tassel biomass in all four populations ( Fig. 1; Table 1 ). Along with decreased growth rates, high density also led to decreased final phenotypes for most measured traits (Table 1 , 2). Final ear lengths were 20 to 30% lower and final ear biomass was 45 to 60% lower was at 12.92 plant m −2 compared with 3.23 plant m −2 in all populations ( Fig. 2 ; Table 2 ). Tassel biomass decreased by 45 to 50% with density in BSCB1 and BSSS(R)C17 ( Fig. 2; Table 2 ). Stalk biomass decreased with density in all populations, save BSCB1, with decreases from several crop species (Deng et al., 2012) . We compared the rate of increase of total aboveground biomass in our study with that of Deng et al. (2012) . While we found a relatively large increase in total biomass per unit area with increasing plant density, it was generally less than predicted by Deng et al. (2012) (Fig. 4) . Differences in slope of total biomass response to density in Fig. 4 may also be an indication of differential responses among our populations to resources other than light with increasing plant density. The lower rates of biomass accumulation in our study, compared with results in Deng et al. (2012) , very likely were due to limitations in resources other than light, since we did not take steps to ensure that water, nutrients or other resources were not limiting. Edmeades et al. (1993) observed that plants under mild drought stress perform similarly to those grown at high densities, showing decreased biomass accumulation rates and delayed silking. As 2013 was fairly dry for the second half of the growing season, a mix of density and drought stress may have affected the plants, causing a deviation from Deng's predicted biomass levels.
Significant decreases in harvest indices have been found to accompany increases in density in corn (DeLoughery and Crookston, 1979) . While we did not study harvest index per se, we did study total ear biomass and are able to compare it with the total aboveground biomass, which is very closely related to harvest index. BSSS(R)C17 had a higher proportion of final biomass partitioned to the ear at all three densities, suggesting that harvest index improved with selection in the BSSS population (Fig. 5) . In the BSCB1 population, increasing plant density greatly reduced the proportion of biomass partitioned to ear, whereas after selection, the proportion of biomass in the ear was relatively stable across densities (Fig. 5 ). As such, biomass partitioning to the ear appeared to improve in BSCB1(R)C17 primarily at high density. Density response for the proportion of biomass partitioned to ear (Fig. 5) was quite different for the cycle zero populations (BSSS and BSCB1) in contrast to the absolute ear biomass per plant vs. plant density, which was quite consistent for the two cycle zero populations (Fig. 2) .
When maximum growth rates are examined, BSCB1 does not exhibit a strong decrease in stalk growth rates between 6.46 and 12.92 plant m −2 , while the growth rate of the ear continues to decrease in a linear fashion, indicating that the difference in density response on a proportional basis was due to the fact that while BSCB1 accumulated more total biomass at high plant density than the other three populations, it partitioned less to ear while maintaining biomass accumulation in the stalk (Fig. 1, 4) . Overall, BSSS accumulated less total biomass than BSCB1 at high plant density but maintained partitioning to the ear comparable with other organs. However, as mentioned previously, after selection, both populations maintained relatively constant partitioning of biomass to the ear (Fig. 5) .
In addition to growth rate and final phenotype, plant densities had a notable effect on the timing of biomass accumulation among plant, ear, and tassel. As planting densities increased from 3.23 to 12.92 plant m −2 in BSSS, the ear shoot and the tassel reached 50% biomass approximately 90 and 50 growing degree days later, respectively, and the biomass accumulation period increased for the ear shoot ( Fig. 6, 7 ; Table 3, 4). As planting densities increased in BSCB1, there was no change in the time point for 50% ear and tassel biomass, but the stalk reached 50% biomass 70 growing degree days later and had a marginally increased (p = 0.078) biomass accumulation period at high densities (Fig. 6, 7; Table 3, 4) . Differences in stalk growth characteristics between BSSS and BSCB1 can also be seen in the stalk maximum growth rates. Both BSSS and BSSS(R)C17 had very small reductions in stalk biomass maximum growth rates, 8.6 and 3.8%, respectively, between 3.23 and 6.46 plant m −2 compared with 37 to 42% found in BSCB1 and BSCB1(R)C17 ( Fig. 2 ; Table 5 ). Across densities, BSSS was also found to accumulate leaves at a higher rate than the other three populations (Table  6 ). The difference in timing for organ biomass accumulation between BSSS and BSCB1 may be influenced by the formation of populations, BSSS in particular. The lines chosen for BSSS were chosen for superior stalk strength (Sprague, 1946) . Because of this, BSSS plants may prioritize stalk growth to maintain stalk integrity. BSCB1, which was not selected based on stalk quality, experiences a large decrease in stalk growth rate at moderate densities comparable with the decrease in ear growth rate (Fig. 1) . After selection, planting density had much less impact on timing and rate of biomass accumulation. There was no change in the time it took to reach 50% ear or tassel biomass in BSSS(R)C17 like there was in BSSS nor did the biomass accumulation period for the ear shoot increase with density in BSSS(R)C17 (Fig. 6, 7 ; Table 3 ). There was also no change in the time it took to reach 50% stalk biomass or 50% plant height in BSCB1(R)C17 like there was in BSCB1 (Fig. 6, 7 ; Table 3 ).
Ear length and ear biomass maximum growth rates were less responsive to moderate increases in density in BSSS(R)C17 compared with BSSS. Between 3.23 and 6.46 plant m −2 , ear length maximum growth rates dropped 26% in BSSS while remaining unchanged in BSSS(R)C17 (Fig. 8) . At the same time, ear biomass maximum growth rates declined 55% between 3.23 and 6.46 plant m −2 in BSSS while remaining relatively stable in BSSS(R)C17 (Fig. 8) . However, between 6.46 and 12.92 plant m −2 , ear length maximum growth rates fell 31% and ear biomass maximum growth rates fell 47% in BSSS(R)C17, resembling the decrease found in BSSS between 3.23 and 6.46 plant m −2 ( Fig. 8 ; Table 5) . Surprisingly, between 6.46 and 12.92 plant m −2 , the maximum growth rates in BSSS did not continue to drastically decrease, and ear length maximum growth rates effectively leveled out ( Fig. 8 ; Table  5 ). Between 3.23 and 12.92 plant m −2 , both BSSS and BSSS(R)C17 had ear length growth rate decreases of 30 to 35% (Table 5 ). Ear growth rates decreased by 55% in BSSS(R)C17 and by 70% in BSSS (Table 5 ). The larger decrease in BSSS mainly was due to the growth rate decrease found between 6.46 and 12.92 plant m −2 , which, while more mild than the extreme drop seem at moderate densities, was larger than the decrease found in BSSS(R) C17 at moderate densities. Overall, the data shows that while BSSS and BSSS(R)C17 exhibit similar maximum growth rate decreases, the major decreases occur at a much higher density in BSSS(R)C17 than in BSSS.
Edwards (2011) and Brekke et al. (2011a,b) showed that populations in the advanced cycles of the BSSS-BSCB1 reciprocal recurrent selection program were better adapted to growth under high population densities. An increase in the ASI, the time between pollen shed and silk emergence, has been noted in BSSS with increasing density but not in BSSS(R)C17 (Brekke et al., 2011b) . In our study, we found that high plant density delayed ear biomass accumulation and lengthened the growth period for biomass accumulation in BSSS but not in BSSS(R)C17 (Fig. 6, 7 ; Table 3, 4). Additionally, Brekke et al. observed that even at the lowest density, there was a roughly 2.5 d ASI in BSSS, while BSSS(R)C17 had an ASI of zero. Edwards (2011) also observed that as selection in the BSSS program progressed, flowering dates became earlier, with BSSS(R)C17 reaching 50% silking 5 d earlier than BSSS. When ear length growth data was examined in this study, it was found that BSSS(R) C17 reached 50% ear length 55 to 110 growing degree days earlier than BSSS (Table 3 ). These findings suggest that improvement in ASI in selected populations may be due to earlier partitioning of biomass to the ear and improved proportional biomass partitioning to the ear. With our examination of growth curves in the two populations before and after reciprocal recurrent selection, there was an apparent convergence of growth curve characteristics in the two populations with respect to proportion of biomass partitioned to the ear and with relative timing of biomass partitioning to stalk, ear, and tassel. Sprague (1946) pointed out that the lines intermated to form BSSS were chosen for stalk quality, but, to the best of our knowledge, no formal data was published on stalk quality of those lines compared with others. However, our study provides some physiological evidence that BSSS is quite different from BSCB1 with respect to stalk growth and plant density. Increasing plant density delayed biomass partitioning to the ear and tassel Table 6 . Slope values and mean values for V-stage. The quadratic coefficient for the growth models along with the SE is listed, along with the mean number of leaf collars at 1000 growing degree day (GDD) °C, the latest data collection point, and the SE value. Models were estimated for a planting density of 7.97 plant m −2 , but results are expected to be similar across densities because of no significant density  population interaction. rather than the stalk in BSSS, whereas in BSCB1, the biomass partitioning was delayed to stalk, while ear and tassel biomass did not have any delays. We could infer that the lines chosen for BSSS by Sprague (1946) maintained partitioning to stalk at the expense of the ear. ) and biomass (g 10 GDD −1 ) for Iowa Stiff Stalk Synthetic (BSSS) and BSSS(R)C17 vs. planting density.
